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1. INTRODUCTION {#jvim15118-sec-0005}
===============

Bacteremia associated with IV devices may occur secondary to colonization of the skin at the insertion site, the external and internal surface of the IV catheter or both.[1](#jvim15118-bib-0001){ref-type="ref"}, [2](#jvim15118-bib-0002){ref-type="ref"}, [3](#jvim15118-bib-0003){ref-type="ref"}, [4](#jvim15118-bib-0004){ref-type="ref"} This catheter‐related bacteremia leads to an increase in patient morbidity and mortality and an increase in economic costs associated with longer hospital stays, isolation needs, diagnostic tests, and treatments.[5](#jvim15118-bib-0005){ref-type="ref"}, [6](#jvim15118-bib-0006){ref-type="ref"}

Intravenous catheter‐related bacteremia, currently, is a common cause of nosocomial infections in human medicine.[7](#jvim15118-bib-0007){ref-type="ref"}, [8](#jvim15118-bib-0008){ref-type="ref"}, [9](#jvim15118-bib-0009){ref-type="ref"} These infections are mainly caused by central catheters. Bacteremia related to peripheral catheters is less common, with the relative risk of infection from central catheters reported to be up to 64 times higher than with peripheral catheters.[9](#jvim15118-bib-0009){ref-type="ref"}

Based on North American data compiled by the National Nosocomial Infection Surveillance system (NNIS) from January 1992 to June 2004, catheter‐related bacteremia incidence ranged from 1.8 to 5.2 infections per 1000 catheters.[10](#jvim15118-bib-0010){ref-type="ref"} Furthermore, bloodstream infections are associated with mortality rates exceeding 25%.[11](#jvim15118-bib-0011){ref-type="ref"} However, the incidence of this kind of infection varies from country to country and even from hospital to hospital.[9](#jvim15118-bib-0009){ref-type="ref"}

The incidence of IV catheter‐related nosocomial bacterial colonization in veterinary medicine has only been described in 1 report, whose authors identified an incidence of 15.4% using a semiquantitative culture method.[12](#jvim15118-bib-0012){ref-type="ref"} Two other veterinary studies described incidences \>20% without using quantitative or semiquantitative culture technique, and those studies only identified bacterial growth and differences in methodology, make the studies difficult to compare.[13](#jvim15118-bib-0013){ref-type="ref"}, [14](#jvim15118-bib-0014){ref-type="ref"} Case reports of catheter‐related bacteremia have been published.[15](#jvim15118-bib-0015){ref-type="ref"} However, to the best of our knowledge, the incidence of catheter‐related bacteremia has not yet been described in veterinary clinical literature.

Our goal was to determine the incidence of bacterial colonization of IV catheters used in dogs hospitalized for at least 48 hours and that were removed in response to development of complications including extravasation, obstruction, and evidence of phlebitis. We also sought to identify clinical factors associated with colonization, and to identify the genus and species of the most commonly isolated microorganisms.

2. MATERIAL AND METHODS {#jvim15118-sec-0006}
=======================

2.1. Study design {#jvim15118-sec-0007}
-----------------

Our study was a prospective longitudinal cohort study involving 182 dogs that were hospitalized at the Veterinary Teaching Hospital of the Alfonso X el Sabio University of Madrid.

2.2. Study population {#jvim15118-sec-0008}
---------------------

Privately‐owned dogs hospitalized for at least 48 hours and subjected to IV catheterization were monitored for eligibility and were enrolled in the study if they developed clinical signs of phlebitis, extravasation, or catheter obstruction. Data for all catheterizations performed from January 2015 to July 2015 were collected. Patients hospitalized for \< 48 hours and aggressive patients were excluded. Assuming (from previous studies) a colonization rate of ∼30%, a sample size of 57 subjects was needed to estimate colonization frequency with a type I error rate of 0.05 and precision of 0.12.

2.3. Data collection {#jvim15118-sec-0009}
--------------------

Administrative data (case number, date of birth, and breed) were obtained from the computer management software (Qvet) of the Veterinary Teaching Hospital of the Alfonso X el Sabio University. The following variables were recorded on the data collection sheet: general data (sex, reproductive status, date of hospital admission, and date of hospital discharge); reason for admission; existence of concomitant pathology; antibiotic and anti‐inflammatory treatments before and during hospitalization; number of catheters; catheter placement date and withdrawal date; type of catheter and location; placement technique, administration of blood products, human albumin or both; and, clinical indication for catheter removal. For catheter placement, the hair over the vessel to be catheterized was clipped, and the skin was disinfected using 2 different protocols to identify whether disinfection technique could contribute to the development of catheter colonization. One technique consisted of cleansing the skin over the vein with 3 independent cycles of 2% chlorhexidine surgical scrub for \>60 seconds; then wiping with 70% isopropyl alcohol 3 times, and then allowing the skin to dry by evaporation for 30 seconds before catheter insertion. The other technique consisted of disinfecting the skin using only 70% isopropyl alcohol 3 times and waiting the same amount of time. Both, chlorhexidine and alcohol were kept in their respective bottles and applied to fresh gauze sponges before disinfecting the skin.

The staff who performed catheterization washed their hands with antibacterial soap beforehand regardless of the subsequent use of gloves. The catheter was placed using a nontouch aseptic technique, secured with 3 pieces of adhesive tape, and protected with a soft cohesive bandage. The clinical indications for catheter withdrawal included occlusion, extravasation, and evidence of phlebitis. The grade of phlebitis at the time of withdrawal was recorded (grade 0, absence of erythema, pain, venous cord, or any other inflammation sign; grade 1, pain without erythema or vice versa and no signs of inflammation observed; grade 2, erythema, pain, venous cord, or any other signs of inflammation observed).[16](#jvim15118-bib-0016){ref-type="ref"}

If occlusion, extravasation, a non‐functional catheter, fever, phlebitis grade 1 or 2, purulent discharge, or a combination of these signs were observed, the veterinary staff aseptically removed the device after washing and disinfecting their hands with antiseptic solution. Catheters were removed while ensuring that the catheter tip did not contact anything that could cause contamination. This tip was stored in a sterile tube with 5 mL of sterile saline solution and kept refrigerated until processed (maximum period of 24 hours).

After vortexing the tip and the saline solution, a 10‐μL sample of the saline solution and the catheter tip were plated and cultured at 37°C on blood agar and *Brucella* blood agar plates, under aerobic and anaerobic conditions, respectively (Dismalab, Spain). Samples were considered negative when no growth was observed after 72 hours and 7 days for aerobic and anaerobic cultures, respectively. They were considered positive when at least 1 colony‐forming unit (CFU) had grown. For purposes of the study, any growth at all was assumed to represent catheter colonization. From positive cultures, 1 CFU was recultured to obtain a pure culture. Then, it was stored at −80°C in a preservative medium containing milk as a cryoprotective agent.

Finally, identification of microorganisms using MALDI‐TOF mass spectrometry was performed after all samples were collected.

2.4. Statistical methods {#jvim15118-sec-0010}
------------------------

Categorical variables were presented as percentages. For continuous variables, data distribution normality was evaluated with the Kolmogorov‐Smirnov test. Continuous data were presented as mean (± standard deviation) or median (interquartile range \[IQR\]). Kaplan‐Meier curves were constructed to estimate the cumulative probability of the catheters to remain in place at 24, 48, and 72 hours and expressed as the probability of the catheter to remain in place and compared with Breslow\'s exact tests. Breslow\'s exact test compares the number of events (catheter colonization) observed in each subgroup at specific time points with the number of events expected, assuming that the distribution of the dependent variable was the same for all classification variables (null hypothesis). Effect estimates (and 95% confidence interval \[CI\]) for main outcome measures were calculated and presented as hazard ratio (HR), which was determined using cluster (patient) analysis. The final model was constructed by introducing all of the variables collected in the protocol after a clinical relevance criterion to control biases of confusion. Cox proportional hazard models were used and compared with the Wald test. Models were evaluated with respect to their discrimination based on Harrell\'s C‐statistic. Bootstrapping was used to assess the internal validation of the model. We used 100 bootstrap re‐samples to evaluate the reliability of the C‐statistic. The proportional hazards assumption was achieved for all cases. The STATA statistical package (version 13.1) and SPSS statistical software were used for analysis. All *P*‐values were 2‐sided and *P* \< .050 was considered statistically significant.

3. RESULTS {#jvim15118-sec-0011}
==========

3.1. Descriptive study {#jvim15118-sec-0012}
----------------------

One‐hundred eighty‐two dogs (57.7%, male; 42.3%, female) were enrolled and 478 IV catheterizations were studied. The median age was 85.1 months (IQR, 44.7--115.5), median hospitalization time was 3 days (IQR, 2.0--4.3), and median duration of catheterization was 2 days (IQR, 2.0--4.3).

Thirty‐nine breeds were recorded. The most common breeds were as follows: Cross‐Breed, 18.7%; Yorkshire Terrier, 7.7%; Labrador Retriever, 6.0%; and German Shepherd 6.0%. The most common single reason for admission was neurological disease (22.0%). Regarding the treatments received, 76.5% of patients received antibiotics and 14.8% received treatments with corticosteroids during hospitalization. The most frequently isolated microorganisms were those belonging to the genus *Acinetobacter* spp. (21.7%), followed by *Klebsiella* spp. (18.0%; Table [1](#jvim15118-tbl-0001){ref-type="table-wrap"}).

###### 

Frequency of bacteria isolated from colonized catheters

  Isolated bacteria            Frequency (*N*)   Percentage (%)
  ---------------------------- ----------------- ----------------
  ***Acinetobacter* spp.**     24                21.7
  ***Klebsiella* spp.**        20                18.0
  ***Staphylococcus* spp.**    13                11.7
  ***Enterobacter* spp.**      10                9.0
  ***Serratia* spp.**          8                 7.2
  ***Bacillus* spp.**          8                 7.2
  ***Proteus* spp.**           6                 5.4
  ***Micrococcus* spp.**       6                 5.4
  ***Escherichia coli***       3                 2.7
  ***Moraxella* spp.**         3                 2.7
  ***Enterococcus* spp.**      2                 1.8
  ***Achromobacter* spp.**     2                 1.8
  ***Corynebacterium* spp.**   1                 0.9
  ***Neisseria* spp.**         1                 0.9
  ***Brochothrix* spp.**       1                 0.9
  ***Streptococcus* spp.**     1                 0.9
  ***Pasteurella* spp.**       1                 0.9
  ***Lactobacillus* spp.**     1                 0.9

3.2. Analytical study {#jvim15118-sec-0013}
---------------------

One‐hundred eleven catheter tip cultures were positive, all of which showed bacterial confluent growth on the plates. The global incidence of bacterial colonization related to IV catheter placement was 39.6% (72 dogs had at least 1 colonized catheter), the 95% CI was 32.3%‐46.9% (58.9--85.4 dogs with at least 1 colonized catheter). We obtained 111 events (catheter colonization) in 815 days of the total cohort catheterization. Thus, the rate of catheter colonization was 0.095 colonizations/dog‐day of catheterization or 9.5 incident catheter colonization/100 dog‐days of catheterization. However, when we included the number of catheterizations instead of the number of patients, the incidence was decreased to 23.2%. The median indwell time was 2.0 days (IQR 1.0--3.0 days). The proportion of IV catheters that remained in place was 89.5% at 24 hours, 78.0% at 48 hours, and 59.4% at 72 hours of indwell time. Therefore, the cumulative proportion of IV catheters that developed colonization was 10.5%, 22.0%, and 40.6% at 24, 48, and 72 hours postcatheterization, respectively (Figure [1](#jvim15118-fig-0001){ref-type="fig"}).

![Kaplan‐Meier curve of time without clinical complications indicating catheter removal](JVIM-32-1084-g001){#jvim15118-fig-0001}

3.3. Univariate analysis {#jvim15118-sec-0014}
------------------------

Characteristics that did not affect time to colonization in the Kaplan Meier analysis included sex, body weight, steroid administration before catheterization, antibiotic treatment (before or after catheter placement), type, and location of the catheter, and disinfection technique before catheterization.

Variables that were significant in the univariate analysis were number of catheterizations (*P* = .014; it was not possible to confirm this significance in the multivariate analysis) and phlebitis grade at the time of withdrawal (*P* = .017; Table [2](#jvim15118-tbl-0002){ref-type="table-wrap"}).

###### 

Univariate analysis of variables with and without significant association with the cumulative probability of the catheters to remain in place (%)

                                         24 hours        48 hours        72 hours                           
  -------------------------------------- --------------- --------------- -------------- ------------------- ------
  Global                                 89.5 (389) 16   78.0 (226) 45   59.4 (87) 74                       
  Sex                                                                                                       .519
  Male                                   88.4 (236) 9    76.4 (131) 30   61.1 (49) 48   Reference           
  Female                                 91 (152) 8      80.5 (94) 16    57.2 (37) 27   0.97 (0.67--1.41)   
  Weight (21 kg = P~50)~                                                                                    .737
  ≤21 kg                                 88.3 (200) 9    78.7 (119) 26   60.5 (55) 39   Reference           
  \>21 kg                                90.7 (188) 8    77.1 (106) 20   57.9 (31) 36   1.00 (0.99--1.02)   
  Age (85.1 = P~50~)                                                                                        .823
  ≤85.1 months                           90.9 (202) 9    79.0 (121) 21   55.3 (49) 34   Reference           
  \>85.1 months                          89.3 (210) 8    77.6 (121) 25   64.4 (46) 41   1.00 (0.99--1.01)   
  Previous steroids                                                                                         .440
  No                                     89.0 (354) 16   78.0 (200) 43   59.0 (77) 68   Reference           
  Yes                                    94.3 (34) 1     79.2 (24) 3     63.4 (9) 7     0.87 (0.52--1.47)   
  Steroids during                                                                                           .735
  No                                     89.5 (323) 15   78.9 (192) 38   60.2 (74) 61   Reference           
  Yes                                    89.2 (60) 2     73.0 (29) 8     54.7 (11) 14   1.24 (0.79--1.95)   
  Previous antibiotics                                                                                      .770
  No                                     89.1 (334) 13   79.4 (192) 40   60.0 (75) 61   Reference           
  Yes                                    92.0 (54) 4     70.4 (32) 6     56.3 (9) 14    1.11 (0.66--1.86)   
  Antibiotics during                                                                                        .618
  No                                     88.3 (74) 2     74.8 (45) 10    49.9 (14) 17   Reference           
  Yes                                    89.8 (313) 15   78.9 (177) 36   62.0 (68) 58   0.78 (0.51--1.19)   
  Catheter type                                                                                             .322
  Peripheral                             89.4 (387) 16   77.9 (222) 45   58.9 (85) 74   Reference           
  Central                                100.0 (2) 0     100.0 (2) 0     100.0 (2) 0    0.21 (0.05--0.86)   
  Disinfection                                                                                              .935
  Nonregistered disinfection technique   85.0 (18) 2     85.0 (9) 3      85.0 (1) 3     Reference           
  Alcohol                                90.2 (209) 12   78.4 (122) 24   66.2 (44) 40   0.89 (0.38--2.11)   
  Chlorhexidine and alcohol              89.2 (160) 4    76.8 (93) 19    50.6 (40) 32   1.10 (0.45--2.71)   
  Use of gloves                                                                                             .921
  No                                     88.7 (248) 14   80.1 (144) 32   61.9 (56) 46   Reference           
  Yes                                    91.0 (140) 3    74.3 (81) 14    55.2 (30) 29   1.07 (0.75--1.56)   
  Staff                                                                                                     .415
  Senior veterinarian                    90.(118) 6      85.2 (63) 13    69.4 (26) 17   Reference           
  Junior veterinarian                    89.9(202) 9     74.5(128) 23    55.2 (53) 45   1.61 (1.06--2.45)   
  Student                                85.9 (67) 3     78.4 (33) 11    56.0 (6) 14    1.61 (0.84--3.08)   
  Phlebitis grade                                                                                           .017
  Grade 0                                94.0 (122) 5    88.2 (64) 9     88.2 (13) 12   Reference           
  Grade 1                                86.7 (206) 12   73.2 (127) 31   54.0 (60) 51   2.62 (1.44--4.77)   
  Grade 2                                90.0 (59) 1     76.8 (33) 7     47.2 (12) 12   2.28 (1.15--4.54)   

The percentage is referred to the cumulative probability of the catheter to remain in place. The cumulative probability is the likelihood for one catheter to remain in place during a certain amount of time (24, 48, and 72 hours) and this likelihood is conditioned for the fact that this catheter remained in place in the previous time considered.

Abbreviations: (n), number of catheters that remain in place in each time slot; N, number of accumulated events (catheters removed by clinical complication with positive bacterial culture) in each time slot; HR, hazard ratio; 95% CI, 95% confidence interval.

The HR quantifies the effect of the variables in the cumulative probability of catheter colonization against the reference (reference= 1).

3.4. Multivariate analysis {#jvim15118-sec-0015}
--------------------------

Finally, we used Cox proportional hazards regression to determine variables with significance that predicted a Harrell\'s C‐statistic of 0.58 (Figure [2](#jvim15118-fig-0002){ref-type="fig"}). The rate of bacterial colonization of catheters was 84% higher (HR, 1.84; 95% CI, 1.24--2.73; *P* = .002) when veterinarians with \<1 year of work experience ("junior") inserted the catheter compared with catheters inserted by veterinarians with \> 1 year of work experience ("senior"). The catheter colonization rate was 2 times higher when catheterization was performed by students compared with senior veterinarians (HR, 2.02; 95% CI, 1.06--3.85; *P* = .034).

![Multivariate analysis. CI, confidence interval](JVIM-32-1084-g002){#jvim15118-fig-0002}

Dogs that were treated with corticosteroids during hospitalization had a higher rate (57%) of catheter colonization (HR, 1.57; 95% CI, 1.03--2.41; *P* = .036) than untreated dogs.

4. DISCUSSION {#jvim15118-sec-0016}
=============

In our study, 39.6% of the dogs developed colonization of at least 1 catheter and 23.2% of all catheters became colonized. Some veterinary studies have established similar incidence rates,[13](#jvim15118-bib-0013){ref-type="ref"}, [14](#jvim15118-bib-0014){ref-type="ref"}, [17](#jvim15118-bib-0017){ref-type="ref"} but lower rates 19%[12](#jvim15118-bib-0012){ref-type="ref"} and 10.7%[18](#jvim15118-bib-0018){ref-type="ref"}, [19](#jvim15118-bib-0019){ref-type="ref"} also have been reported. However, those studies[18](#jvim15118-bib-0018){ref-type="ref"}, [19](#jvim15118-bib-0019){ref-type="ref"} did not consider patient catheterization on more than 1 occasion. The differences also could be explained by the different criteria at the time of considering a culture positive. Studies with lower incidence rates considered cultures to be positive when \> 5 CFU were observed. To increase the sensitivity of the study, we initially proposed considering cultures positive when \> 1 CFU was observed. However, we observed confluent bacterial growth on all plates that were classified as culture positive.

Many researchers have determined that longer indwell times of IV catheters are associated with a higher risk of bacterial colonization of catheters used in humans.[20](#jvim15118-bib-0020){ref-type="ref"}, [21](#jvim15118-bib-0021){ref-type="ref"}, [22](#jvim15118-bib-0022){ref-type="ref"}, [23](#jvim15118-bib-0023){ref-type="ref"}, [24](#jvim15118-bib-0024){ref-type="ref"}, [25](#jvim15118-bib-0025){ref-type="ref"}, [26](#jvim15118-bib-0026){ref-type="ref"}, [27](#jvim15118-bib-0027){ref-type="ref"}, [28](#jvim15118-bib-0028){ref-type="ref"} Therefore, in our study, the duration of catheterization was considered a possible associated factor and was included in the analysis of the remaining possible associated factors by using the survival rate, which was defined as the cumulative probability of the catheters to remain in place in relation to the catheterization time. As a result, dogs that had clinical signs of phlebitis, obstruction, or extravasation by the third day of catheterization had a cumulative probability for the catheter to remain in place of 59.4%, which means that after 3 days of catheterization, dogs that had the catheter removed because of clinical complications had a 40.6% probability of developing IV catheter colonization. No studies in veterinary medicine using this methodology have been reported. Some studies have evaluated the duration of catheterization as a possible risk factor, but differences among studies made comparisons difficult. Some authors established a statistically significant association between duration of catheterization and catheter colonization,[12](#jvim15118-bib-0012){ref-type="ref"}, [17](#jvim15118-bib-0017){ref-type="ref"}, [29](#jvim15118-bib-0029){ref-type="ref"} but others could not.[13](#jvim15118-bib-0013){ref-type="ref"}, [14](#jvim15118-bib-0014){ref-type="ref"}

Classical guidelines for prevention of this type of catheter‐related bacteremia in human medicine[6](#jvim15118-bib-0006){ref-type="ref"}, [30](#jvim15118-bib-0030){ref-type="ref"} recommend routine changing of vascular devices every 72--96 hours. However, recent studies establish that the current trend in human medicine is to change vascular devices according to clinical criteria and to leave the catheters until signs of inflammation are observed.[31](#jvim15118-bib-0031){ref-type="ref"}, [32](#jvim15118-bib-0032){ref-type="ref"}

In our study, 111 catheter tips had positive cultures. The most frequently isolated microorganisms belonged to the genera *Acinetobacter* spp., *Klebsiella* spp., and *Staphylococcus* spp.

These results differ from those of other veterinary studies, in which the most frequently isolated microorganisms belonged to the genera *Enterobacter* spp., *Escherichia coli*, and *Staphylococcus* spp.[12](#jvim15118-bib-0012){ref-type="ref"}, [13](#jvim15118-bib-0013){ref-type="ref"}, [17](#jvim15118-bib-0017){ref-type="ref"} These differences have 2 possible explanations. The first is that these microorganisms are part of the endemic hospital flora and can be found on hospital cages, fomites, and the hands of staff members; routine cleaning and disinfection mechanisms are incapable of removing them. The second explanation is that these microorganisms are actually related to this type of nosocomial infection and, because there are few studies of catheter colonization, they have been underdiagnosed. In human medicine, the marked emergence of nosocomial infections produced by *Acinetobacter* spp. and *Klebsiella* spp. and the high rates of resistance to antibiotics have been widely described.[33](#jvim15118-bib-0033){ref-type="ref"}, [34](#jvim15118-bib-0034){ref-type="ref"}, [35](#jvim15118-bib-0035){ref-type="ref"}, [36](#jvim15118-bib-0036){ref-type="ref"}, [37](#jvim15118-bib-0037){ref-type="ref"}, [38](#jvim15118-bib-0038){ref-type="ref"}, [57](#jvim15118-bib-0057){ref-type="ref"}, [58](#jvim15118-bib-0058){ref-type="ref"}

In human medicine, the main microorganisms involved in IV catheter--related infection are those that belong to the genera *Staphylococcus* spp. and, to a lesser extent, *Enterococcus* spp.[1](#jvim15118-bib-0001){ref-type="ref"}, [5](#jvim15118-bib-0005){ref-type="ref"}, [39](#jvim15118-bib-0039){ref-type="ref"} Several authors of veterinary reviews have suggested that a possible explanation for the predominance of different bacterial species recovered from catheters used in dogs is a high rate of catheter contamination by enteric bacteria derived from saliva, feces, and urine, in addition to colonization by resident skin flora.[40](#jvim15118-bib-0040){ref-type="ref"}, [41](#jvim15118-bib-0041){ref-type="ref"}, [42](#jvim15118-bib-0042){ref-type="ref"}

In relation to the treatment that patients received both before and during the catheterization period, it was only possible to establish a statistically significant association with corticosteroid treatment during catheterization. Thus, patients that received corticosteroids showed a relative increase of almost 60% in the catheter colonization rate compared to those that did not receive them. Very few studies in veterinary medicine have evaluated this variable as a possible risk factor. We are aware of only 1 report in the veterinary literature of a study that examined the association of corticosteroid administration with catheter colonization, and the authors of that report found no relationship.[12](#jvim15118-bib-0012){ref-type="ref"} One possible explanation for the association between corticosteroids and colonization in our subjects is that corticosteroids induce immunosuppression in patients by decreasing the production of interleukins 1, 3, and 4, prostaglandins, leukotrienes, and tumor necrosis factor and also by inducing apoptosis in lymphocytes,[43](#jvim15118-bib-0043){ref-type="ref"} thus favoring bacterial colonization of the catheters.

We were not able to establish that the vein in which it was implanted (cephalic or saphenous) acted as an associated factor for the development of catheter colonization, as was described in a previous report.[13](#jvim15118-bib-0013){ref-type="ref"} All implantation locations are exposed to different types of secretions or possible contamination. For example, cephalic vein devices are exposed to saliva and food debris, saphenous vein devices are exposed to feces and urine contamination, and central devices are very close to oral and respiratory secretions.

Disinfection method (alcohol alone versus chlorhexidine plus alcohol) and the use of gloves during catheterization had no association with colonization rate.

Guidelines for the prevention of catheter‐related infections in humans are based on evidence that it is not strictly necessary to use gloves for the placement of vascular devices as long as a "no touch" technique is used. This technique consists of avoiding contact with the device insertion zone after the skin area has been disinfected and with proper hand disinfection using antiseptic agents. The use of sterile gloves is reserved for the placement of central or arterial devices.[6](#jvim15118-bib-0006){ref-type="ref"}, [30](#jvim15118-bib-0030){ref-type="ref"}, [44](#jvim15118-bib-0044){ref-type="ref"}, [45](#jvim15118-bib-0045){ref-type="ref"}, [46](#jvim15118-bib-0046){ref-type="ref"}, [47](#jvim15118-bib-0047){ref-type="ref"}

Furthermore, we found an increase in the probability of developing catheter colonization when catheterization was performed by veterinarians with less experience and students compared to senior veterinarians with more experience. Only 1 study in veterinary medicine has evaluated this possible risk factor by dividing the staff into technician and veterinarian groups, but no differences in the catheter‐colonization incidence rate was found.[14](#jvim15118-bib-0014){ref-type="ref"} Some studies in human medicine have established that experience is a possible risk factor for the development of this type of nosocomial infection because people with more experience focus more attention on aseptic technique and cause less trauma during device placement.[48](#jvim15118-bib-0048){ref-type="ref"}, [49](#jvim15118-bib-0049){ref-type="ref"}

The presence of signs of phlebitis at the time of catheter removal was associated with a higher rate of colonization compared to dogs in which catheters were removed for other reasons. The univariate analysis comparing survival rates between phlebitis grade 0 or no phlebitis (catheters removed because they did not function or were occluded) and phlebitis grade 1 and 2 showed that the probability of developing catheter colonization after 3 days was significantly higher in patients with phlebitis. We are aware of only 1 other veterinary report of a study that included evaluation of phlebitis; those authors did not find any association between phlebitis and colonization rate.[13](#jvim15118-bib-0013){ref-type="ref"} As has been reviewed by others, many investigators have found a strong relationship between phlebitis and nosocomial catheter‐associated infection in human medicine.[6](#jvim15118-bib-0006){ref-type="ref"}, [50](#jvim15118-bib-0050){ref-type="ref"}, [51](#jvim15118-bib-0051){ref-type="ref"}

One of the main limitations of our study is that we only confirmed IV catheter bacterial colonization. We were not able to confirm bloodstream infection because of the impossibility of performing blood cultures for logistical reasons. Because of this concern, the clinical relevance of our findings is unknown.

Finally, catheter‐related infections are 1 of the most frequent nosocomial infections in human medicine. They result in high morbidity and mortality and cause a substantial increase in economic costs. In veterinary medicine, the incidence rates of different types of nosocomial infections have not been effectively described.[40](#jvim15118-bib-0040){ref-type="ref"}, [52](#jvim15118-bib-0052){ref-type="ref"}, [53](#jvim15118-bib-0053){ref-type="ref"}, [54](#jvim15118-bib-0054){ref-type="ref"}, [55](#jvim15118-bib-0055){ref-type="ref"} At present, unlike human medicine, for which nosocomial infection surveillance and prevention systems are well‐established, veterinary medicine does not have universally recognized practice standards for the surveillance of nosocomial infections or their control. Without implementation of proper guidelines, it will not be possible to determine the incidence of nosocomial infections in veterinary medicine and we will not be able to determine what proportion of these infections can be prevented.[54](#jvim15118-bib-0054){ref-type="ref"}, [56](#jvim15118-bib-0056){ref-type="ref"}

5. CONCLUSIONS {#jvim15118-sec-0017}
==============

In veterinary medicine, associated factors for catheter bacterial colonization development are not well‐established. In our study, we report that corticosteroid administration during catheterization, staff experience and skill performing catheterization, and phlebitis grade at the time of removal are the main factors associated with bacterial colonization. The most common bacterial isolates that we found were different from those reported by others, notably with the comparatively high incidence of *Acinetobacter* spp. and *Klebsiella* spp. in our study. These differences may be because of the fact that such microorganisms were endemic to our center, or that these microorganisms are emergent organisms that are being underdiagnosed in veterinary medicine because of a lack of studies. Therefore, more research in the field of catheter‐related infection, particularly regarding nosocomial infections in veterinary medicine, is required.

CONFLICT OF INTEREST DECLARATION {#jvim15118-sec-0019}
================================

The authors declare that they have no conflict of interest with the contents of this article.

OFF‐LABEL ANTIMICROBIAL DECLARATION {#jvim15118-sec-0020}
===================================

Authors declare no off‐label use of antimicrobials.

INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE (IACUC) OR OTHER APPROVAL DECLARATION {#jvim15118-sec-0021}
=================================================================================

Authors declare no IACUC or other approval was needed.

This research was performed at the Hospital Clínico Veterinario de la Universidad Alfonso X el Sabio in Villanueva de la Cañada, Madrid. This work has not been previously presented. This work is supported by a grant obtained during the 6th announcement for projects at Santander‐Alfonso X el Sabio University.
